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(57) ABSTRACT

A telecommunications system includes a telecommunica-
fions switching system, at least one subscriber terminal
coupled to the switching system, at least one telecommuni-
cations agency coupled to the switching system. The agency
stores subscriber information and provides the mformation
to external requestors 1n the form of subscriber service
images deflning services and features to be provided for
subscribers. The subscriber terminal includes a portable
subscriber module 1dentifying the subscriber and optionally
contamns i1nformation defining services and features to be
provided for the subscriber by the subscriber terminal and
the switching system. The switching system has a facility for
storing all subscriber-related information as a plurality of
transient subscriber service 1mages defining the services and
features to be provided for subscribers having pending or
active calls. When the subscriber requests service, the
agency or the portable subscriber module provide the image
information to the switching system, which creates an 1image
instance and provides the requested service. Once the ser-
vice 1s concluded, the 1mage 1nstance 1s released.

30 Claims, 12 Drawing Sheets
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FIG. 6a
500
\ 510
SUBSCRIBER INVOKES PSM AT SUBSCRIBER TERMINAL

612

THE SUBSCRIBER TERMINAL DETERMINES THE APPROPRIATE HOME AGENCY
SUPPORTING THE SUBSCRIBER USING INFORMATION OBTAINED FROM THE PSM.
IF THE HOME AGENCY IS ONE ASSOCIATED WITH OR TRUSTED BY THE

SERVING NETWORK, THE SUBSCRIBER IS CONSIDERED “"LOCAL".

614

THE SUBSCRIBER TERMINAL TRANSMITS TO THE HOME AGENCY A
SUBSCRIBER REGISTRATION MESSAGE IDENTIFYING THE PSM, THE
SUBSCRIBER TERMINAL, AND THE SERVING NETWORK. IF THE SUBSCRIBER

REGISTRATION MESSAGE IS ROUTED THROUGH THE SERVING NETWORK, THE
SERVING NETWORK MAY ADD THE INFORMATION IDENTIFYING ITSELF.

1616

SECURITY AGENT OF THE HOME AGENCY DETERMINES
THAT THE SUBSCRIBER IS AUTHORIZED FOR SERVICE
618

F THE SUBSCRIBER IS NON-LOCAL, THE SERVICE AGENT AND/OR
SECURITY AGENT OF THE HOME AGENCY TRANSMIT AN AUTHORIZATION
MESSAGE TO THE SERVING AGENCY IDENTIFYING THE SUBSCRIBER.

620

F THE SUBSCRIBER IS LOCAL, THE SERVICE AGENT DETERMINES THE
LEVELS OF SERVICE TO BE PROVIDED TO THE SUBSCRIBER, CONSISTENT WITH \LOCAL

THE POLICIES OF THE NETWORK AND THE SUBSCRIBER'S SUBSCRIPTIONS.
CONTINUE WITH STEP 624

NON—-LOCAL

622

IF THE SUBSCRIBER IS NON-LOCAL, THE HOME AGENCY AND
SERVING AGENCY, THROUGH THEIR RESPECTIVE SECURITY AND/OR

SERVICE AGENTS, NEGOTIATE TO DETERMINE LEVELS OF SERVICE TO
BE PROVIDED TO THE SUBSCRIBER, CONSISTENT WITH THE POLICIES

OF FACH NETWORK AND THE SUBSCRIBER'S SUBSCRIPTIONS.

(FIG. 6b)
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)
624

IF THE SUBSCRIBER IS NON—LOCAL, AND THE HOME NETWORK AND SERVING
NETWORK AGREE TO ALLOW THE SERVING NETWORK TO PROVIDE SERVICES
TO THE SUBSCRIBER BASED ON SUBSCRIBER INFORMATION ACQUIRED UPON
REGISTRATION, THE SERVICE AGENT AND/OR SECURITY AGENT TRANSMIT TO
THE SERVING AGENCY FURTHER AUTHORIZATION MESSAGES DESCRIBING
SERVICES TO WHICH THE SUBSCRIBER IS ENTITLED, AND OPTIONALLY
DESCRIBING CERTAIN SERVICES WHICH MAY BE PROVIDED BY THE HOME
NETWORK (VIA SUCH ELEMENTS AS THE HOME AGENCY OR THE HOME SWITCH)
IF SUCH SERVICES ARE NOT DIRECTLY AVAILABLE FROM THE SERVING NETWORK.

020
IF HOME NETWORK DOES NOT ALLOW (OR WHERE APPLICABLE, THE HOME ALE(%ED

NETWORK AND SERVING NETWORK DO NOT AGREE TO ALLOW) FEATURES TO
BE DOWNLOADED TO THE SUBSCRIBER TERMINAL, JUMP TO SITEP 638.

ALLOW

SERVICE AGENT DETERMINES WHICH SERVICES THE SUBSCRIBER IS
AUTHORIZED TO USE AND ARE COMPATIBLE WITH THE SUBSCRIBER TERMINAL.

628

630  NOT
IF SUBSCRIBER TERMINAL DOES NOT SUPPORT SUPP
DOWNLOADABLE FEATURES JUMP TO STEP 638
SUPPORT -
SERVICE AGENT, SMART CARD AGENT, AND IMAGE PROCESSING AGENT
DETERMINE TYPE OF PSM IN USE. ALSO, SCA MAY UPDATE CARD.
634

F PSM IS OF TYPE THAT SUPPORTS DOWLOADABLE SUBSCRIBER TERMINAL
FEATURES (e.q., TYPES 2 OR 3), THE IMAGE PROCESSING AGENT AND/OR
SMART CARD AGENT TRANSMIT A MESSAGE INSTRUCTING THE PSM TO
DOWNLOAD APPROPRIATE FEATURES TO THE SUBSCRIBER TERMINAL.

056

IF ADDITIONAL SUBSCRIBER TERMINAL FEATURES ARE AVAILABLE
IN ACCORD WITH SUBSCRIBER'S SERVICE SUBSCRIPTIONS BUT
WERE NOT DOWNLOADED FROM THE PSM, THE IMAGE PROCESSING
AGENT TRANSMITS FEATURE TO THE SUBSCRIBER TERMINAL.

38
END

FIG. 60
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FIG. 7a
700
\ 710

SUBSCRIBER TERMINAL RECEIVES FROM THE
SUBSCRIBER A REQUEST TO ORIGINATE SERVICE.

712
SUBSCRIBER TERMINAL TRANSMITS A MESSAGE TO THE
SERVING AGENCY REQUESTING INITIATION OF SERVICE. THE
MESSAGE INCLUDES INFORMATION IDENTIFYING THE PSM.
/14

F THE SUBSCRIBER IS NON-LOCAL, AND IF THE HOME NETWORK AND
SERVING NETWORK DO NOT AGREE TO ALLOW THE SERVING NETWORK 10
PROVIDE SERVICES TO THE SUBSCRIBER BASED ON SUBSCRIBER OTHERWISE
INFORMATION ACQUIRED UPON REGISTRATION, THE SERVICE AGENT AND/OR
SECURITY AGENT OF THE SERVING AGENCY TRANSMIT AN AUTHORIZATION
REQUEST TO THE HOME AGENCY. OTHERWISE, CONTINUE IN STEP /18.

NON—LOCAL, NOT ALLOW /16

IF THE SUBSCRIBER IS AUTHORIZED, THE HOME AGENCY'S SERVICE
AND/OR SECURITY AGENT AGENT TRANSMIT TO THE SERVING AGENCY
AUTHORIZATION MESSAGES DESCRIBING SERVICES TO WHICH THE
SUBSCRIBER IS ENTITLED, AND OPTIONALLY DESCRIBING CERTAIN
SERVICES WHICH MAY BE PROVIDED BY THE HOME NETWORK (VIA SUCH
ELEMENTS AS THE HOME AGENCY OR THE HOME SWITCH) IF SUCH
SERVICES ARE NOT DIRECTLY AVAILABLE FROM THE SERVING NETWORK.

/18
BASED ON INFORMATION RECEIVED IN STEPS 624 OR 716, THE
SERVING AGENCY'S SERVICE AGENT AND/OR SMART CARD AGENT
COOPERATIVELY DETERMINE WHICH IMAGE INFORMATION MAY
BE PROVIDED TO SPCC 414 IN ORDER TO PROVIDE SERVICES.
720

BASED ON INFORMATION RECEIVED IN STEPS 624 OR /16, THE
SERVING AGENCY'S SERVICE AGENT AND/OR SMART CARD AGENT
COOPERATIVELY DETERMINE SOURCES OF IMAGE INFORMATION WHICH
MAY BE PROVIDED TO SPCC IN ORDER TO PROVIDE SERVICES.

I T/

BASED ON INFORMATION RECEIVED IN STEPS 624 OR 716, THE SERVING
AGENCY'S SERVICE AGENT AND/OR SMART CARD AGENT COOPERATIVELY
DETERMINE WHETHER A REQUESTED SERVICE MAY BE PROVIDED
BY SPCC 414 OR MUST BE PROVIDED BY ANOTHER SPCC 5386.

N € £ 2.
SERVING AGENCY'S SERVICE AGENT INSTRUCTS SPCC TO
CREATE AN IMAGE FOR THE SUBSCRIBER'S SERVICE REQUEST.

(FIG. 7b)
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FIG. 7b
O

IF THE HOME NETWORK AND SERVING NETWORK AGREE TO ALLOW
SERVICES AND FEATURES TO BE DOWNLOADED TO SPCC FROM
THE PSM, SERVICE AGENT INSTRUCTS SUBSCRIBER TERMINAL TO

ACQUIRE SERVICE AND FEATURE INFORMATION (AS DETERMINED IN
STEPS 718, 720) FROM PSM AND FORWARD [T TO SPCC, WHICH
INCORPORATES INFORMATION INTO SUBSCRIBER SERVICE IMAGE.

126

728

IF ADDITIONAL SERVICE AND FEATURE INFORMATION IS REQUIRED 10
FNABLE THE SPCC TO PROVIDE THE SERVICE, AND SUCH INFORMATION
HAS NOT BEEN EARLIER ACQUIRED BY THE SERVING SERVICE AGENT FROM
THE HOME SERVICE AGENT, THE SERVING SERVICE AGENT REQUESTS THE
INFORMATION FROM THE HOME SERVICE AGENT. (THE INFORMATION MAY
BE STORED AND FORWARDED BY THE SERVING SERVICE AGENT, OR MAY
BE TRANSMITTED DIRECTLY TO THE SPCC BY THE HOME SERVICE AGENT,
PASSING THROUGH THE SERVING SERVICE AGENT ONLY EPHEMERALLY.)

130

THE APPROPRIATE SERVING OR HOME SERVICE AGENT TRANSMITS TO
SPCC ANY ADDITIONAL REQUIRED SERVICE AND FEATURE INFORMATION
TO SPCC, WHICH INCORPORATES INFORMATION INTO THE SUBSCRIBER
SERVICE IMAGE. THE SERVICE AND FEATURE INFORMATION MAY HAVE
BEEN EARLIER ACQUIRED IN STEPS 624 OR /16.

732

THE SERVING SPCC INITIATES THE REQUESTED SERVICE

IN ACCORD WITH SUBSCRIBER SERVICE IMAGE, USING

APPROPRIATE RESOURCES OF BEARER NETWORK 126. NG
/34 QOTHER

F, AS DETERMINED IN STEP 722, NONE OF THE REQUESTED SERVICE OR \ SPCC
FEATURE MUST BE PROVIDED BY ANOTHER SPCC, CONTINUE IN STEP 738.

OTHER SPCC /56

SERVING AGENCY TRANSMITS A REQUEST TO THE AGENCY ASSOCIATED WITH
THE OTHER SPCC TO PROVIDE THE REQUESTED SERVICE OR FEATURE.

758

THE SERVING SPCC EXTENDS A BEARER PATH TO THE OTHER SPCC.
740

SERVING SPCC AND/OR SERVING AGENCY
INFORM HOME AGENCY OF INITIATION OF SERVICE.

(FIG. 7¢c)
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742

SERVICE IS PROVIDED TO THE SUBSCRIBER.
744

SPCC RECEVES A REQUEST TO TERMINATE SERVICE.
746
SPCC FORWARDS TERMINATION REQUEST TO ANY
OTHER INVOLVED SPCCs, OR OTHER NETWORK ELEMENTS.

748

SPCC RELEASES BFARER PATH AND OTHER

NETWORK RESOURCES UNDER ITS CONTROL.
750

SERVING SPCC AND/OR SERVING AGENCY INFORM

HOME AGENCY OF TERMINATION OF SERVICE.

752

SERVING SPCC RELEASES THE SUBSCRIBER SERVICE IMAGE.

194

SERVING AGENCY RELEASES RECORDS AND RESOURCES
RELATING TO SERVICE REQUESTED BY SUBSCRIBER, BUT
RETAINS SUBSCRIBER REGISTRATION INFORMATION.

756
END

FIG. 7c

800
\ 810

SERVING AGENCY RECEIVES A REQUEST FROM ANOTHER AGENCY
(ORIGINATING OR INTERMEDIATE) TO PROVIDE A SERVICE TO A SUBSCRIBER
WHO HAS PREVIOUSLY REGISTERED AT A SUBSCRIBER TERMINAL. THE
REQUEST INCLUDED INFORMATION IDENTIFYING THE SUBSCRIBER'S PSM.

812
ORIGINATING OR INTERMEDIATE SPCC ESTABLISHES
A BEARER PATH FOR SERVICE TO SERVING SPCC.
814
SERVING AGENCY TRANSMITS ACKNOWLEDGEMENT
OF THE SERVICE REQUEST TO THE OTHER AGENCY.

(FIG. 7a)
FIG. 8
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FIG. 9a

900
A /910
SUBSCRIBER ARRANGES WITH THE SERVICE PROVIDER TO ADD, |
DELETE, OR CHANGE SERVICES ASSOCIATED WITH THE SUBSCRIPTION.

912

THE SERVICE PROVIDER'S SERVICE ORDER ENTRY, PROVISIONING,
AND OTHER BUSINESS SYSTEMS ARE UPDATED WITH THE CHANGES.

314

THE SERVICE PROVIDER'S SERVICE ORDER ENTRY AND PROVISIONING
SYSTEMS EXCHANGE UPDATE INFORMATION WITH THE SERVICE AGENT
OF THE SUBSCRIBER'S HOME NETWORK/HOME AGENCY.

916

THE SERVICE AGENT UPDATES ITS DATABASE RECORDS REGARDING
THE SERVICES TO WHICH THE SUBSCRIBER HAS SUBSCRIBED.

918
THE SERVICE AGENT PROVIDES THE SUBSCRIBER'S SERVICE
UPDATE INFORMATION TO THE SMART CARD AGENT.

B

920
THE SMART CARD AGENT DETERMINES WHETHER ANY
CHANGES ARE NEEDED TO THE SUBSCRIBER'S PSM.
922

F (a) HOME NETWORK POLICY PERMITS FEATURE AND SERVICE INFORMATION
TO BE DOWNLOADED FROM SUBSCRIBER'S PSM TO SUBSCRIBER TERMINALS;

AND (b) THE SUBSCRIBER'S PSM IS EQUIPPED TO STORE SUCH INFORMATION; NO

AND (c) THE REQUESTED SERVICE CHANGES AFFECT FEATURE AND SERVICE {CHANGES
INFORMATION WHICH IS CURRENTLY STORED OR SHOULD BE STORED IN THE
PSM FOR DOWNLOADING TO THE SUBSCRIBER TERMINAL;, THEN SMART CARD
AGENT ENQUEUES APPROPRIATE UPDATE TRANSACTIONS FOR TRANSMISSION
T0 THE PSM; OTHERWISE, CONTINUE IN SIEP 924.

CHANGES

924

F (a) HOME NETWORK POLICY PERMITS FEATURE AND SERVICE INFORMATION
DOWNLOADED FROM THE SUBSCRIBER'S PSM TO SPCCs: AND (b) THE
SUBSCRIBER'S PSM IS EQUIPPED TO STORE SUCH INFORMATION: AND (c) THE| NO
REQUESTED SERVICE CHANGES AFFECT FEATURE AND SERVICE INFORMATION |CHANGES

WHICH IS CURRENTLY STORED OR SHOULD BE STORED IN THE PSM FOR
DOWNLOADING TO THE SPCC; THEN SMART CARD AGENT ENQUEUES

APPROPRIATE UPDATE TRANSACTIONS FOR TRANSMISSION TO THE PSM;
OTHERWISE, CONTINUE IN STEP 926.

CHANGES

(FIG. 9b)
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IF PSM IS CURRENTLY REGISTERED IN A SUBSCRIBER TERMINAL,
SMART CARD AGENT TRANSMITS UPDATE TRANSACTIONS
(IF ANY ARE NEEDED) TO THE PSM VIA THE SUBSCRIBER TERMINAL;
OTHERWISE, SMART CARD AGENT AWAITS REGISTRATION OF THE PSM.

926

928

SERVICE AGENT REPORTS COMPLETION OF SERVICE AND FEATURE CHANGES 10
THE SERVICE PROVIDER'S SERVICE ORDER ENTRY AND PROVISIONING SYSTEMS.
950
END

FIG. 90
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TELECOMMUNICATIONS CALL
PROCESSING USING EXTERNALLY-
ASSIGNED SUBSCRIBER
CHARACTERISTICS

FIELD OF THE INVENTION

This 1nvention relates to telecommunications systems,
and more particularly to telecommunications systems hav-
ing facilities for call, session, and/or transaction processing
using subscriber or line characteristics stored 1n a location
remote from the switching facility handling the call.

BACKGROUND OF THE INVENTION

In recent years, telecommunications users have become
both highly sophisticated service consumers and highly
mobile. As a result, users desire the ability to take their
telecommunications services with them wherever they go,
and they desire that the user interface by which they access
their services remain consistent at all times and in all
locations.

In the years between the adoption of automated telephone
switching and the wide application of stored-program tele-
phone switching systems, telephone users within broad
geographic regions experienced an extremely consistent
user 1nterface. Within the United States, for example, the
procedures for making and receiving calls were consistent,
SO a person using a telephone away from home could expect
to use the telephone 1n the same way, and could expect the
telephone and telephone system to behave 1n the same ways,
as at home. Telephone calling features were typically limited
to placing calls by dialing a directory number and receiving
calls by lifting the receiver when the telephone rang. Fea-
tures which are now popular, such as “Call Waiting”, “Call
Forwarding”, “Three-Way Calling”, “Caller-ID”, and the

like, were not available.

At the same time, users understood that their telephone
subscriptions (including any features and billing
arrangements) were associated with their telephone “line” at
a fixed location and did not expect access to that line or
subscription when traveling. If access to telephone service
was required while traveling, the traveler could use a pay
telephone or could arrange with a host or hotel to make and
receive calls using the host’s or hotel’s subscribed telephone
SETVICE.

As telecommunications users have gained mobility and
sophistication, users have desired that their subscribed tele-
communications services be available wherever they may be
located. Conventional public wireless telecommunications
systems, including cellular and PCS wireless systems in
North America and GSM wireless systems 1n Europe, have
provided a partial but unsatisfactory solution. Conventional
public wireless systems are not well imntegrated with private
business communications systems, so that a user generally
cannot use a public wireless terminal make and receive calls
in the context of the private system. Such calls generally
appear to originate from or terminate on the external public
network. In addition, a wireless subscriber may carry a
wireless terminal which can access services 1n a wide variety
of locations, but access to service olften depends on whether
the subscriber’s “home” telecommunications service pro-
vider directly serves the traveling subscriber’s location, or
whether the home provider has made a service arrangement
with another provider that directly serves the location.
Further, even when service providers offer network services
that are marketed and billed consistently over wide geo-
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2

ographic areas and for which no special charge 1s made for
use away from a home system, the services are not neces-
sarily provided by a homogeneous network infrastructure.
Thus service and feature availability, and the user interface
required to access these features, may differ from what 1is
available to or experienced by the user when at the home or
business location. Moreover, the “roaming” features of
wireless telecommunications systems have generally been
limited to wireless services, which historically have not
enjoyed the variety, scope, reliability, and bandwidth of

modern land-line telecommunications services.

Historically, switched telecommunications systems,
including both land-line and wireless systems, have associ-
ated mmformation defining the services, features, billing
treatment, and the like, which will be provided to a user,
with a user’s telephone “line” or “subscription.” Land-line
systems generally have permitted a user to access services
via the line solely at the customer premises at which the line
is terminated (with the possible exceptions of call-
forwarding and arrangements to bill to the user’s own
service calls made via a different line). Accordingly, the
canonical information defining a user’s service or subscrip-
tion has conventionally been stored 1n a database that resides
on the telephone switching system that serves the user’s line,
and 1s associated with that line. When calls are made to or
from the user’s line, the switching system typically may
consult the database to determine the services, features, and
billing treatment to be provided on that line and processes
the calls accordingly. However, these services, features, and
billing treatment have not necessarily been portable from
one switching system type to another, and even if a second
switching system type superficially supports the features and
services of a first, interactions between the features and
services may vary greatly.

Wireless telecommunications systems also historically
have defined a user’s service, feature, and billing treatment
using database entries associated with a user’s subscription
or line. Although wireless systems do not provide a physical
line or port with which the user’s subscription is continually
associated, the subscription (including services, features,
and billing treatment) may be conceptually associated with
a unique directory number or subscriber identifier and
treated as a telephone line 1n a manner analogous to that of
land-line systems. Conventional wireless systems typically
store the database entries defining a user’s subscription 1n a
switching system or a Home Location Register (HLR)
assoclated with the user’s home wireless network. When a
user accesses services remotely, some of the subscription
information may be exported to the telecommunications
switching system or a Visitor Location Register (VLR)
serving the user’s location and may then be used to process
and bill calls.

Although the aforementioned wireless systems provide
users some capabilities to access services remotely, they are
incomplete and unsatistactory. First, the remote access capa-
bilities of wireless systems have not, as yet, been extended
to land-line systems. In particular, land-line systems do not
provide means for a user to 1dentify herself or himself (or the
assoclated subscription) to a remote telecommunications
system and request that all services and features to which the
user subscribes on a home system be delivered via the
remote system.

Second, even 1n the wireless domain, services, features,
and the user interface provided to a user at the remote
location may vary significantly from those provided when
the user 1s served by the home system. Variations in access
to service, user interface, and feature availability and per-
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formance arise from a number of factors. Telecommunica-
tions switching equipment i1s produced by several different
vendors, and although most equipment used 1n public net-
works provides a consistent set of basic services, the capa-
bilities for advanced features and services, and the 1mple-
mentation of such features and services, varies among
vendors and particular equipment models. Moreover, there
are many telecommunications service providers and tele-
communications regulatory authorities, each of which may
specily aspects of features, services, and user interface,
which aspects may vary according to their marketing plans,
customer requirements, or the desires of their regulatory
constituency. A feature or service, and the associated user
interface, furnished by a particular telecommunications ser-
vice provider, 1n a particular location, using particular equip-
ment and operating software, may be identical, subtly
different, profoundly different, or entirely unavailable from
a different provider, or 1n a different location, or using
different equipment or operating soltware.

Thus, when a user accesses a telecommunications service
at a remote location, even though their subscription
information, as recorded in the database of their home
switching system or telecommunications network, specifies
that they receive a particular service or feature, the service
or feature may be unavailable or may perform in a manner
different from what the user expects.

Although 1t might appear that the aforementioned disad-
vantages of existing telecommunications systems might be
casily resolved by having all vendors and service providers
agree to provide a common set of features and services, that
solution 1s unlikely to be successtul 1n the near term. Absent
contrary regulatory constraints, service providers and ven-
dors have used, and continue to use, product differentiation
as a primary marketing tool. Also, the installed base of
telecommunications equipment represents an extremely
large investment. Rapid, wholesale replacement of the 1nfra-
structure equipment would be unfeasible, and upgrading all
existing equipment to a common set of features would be
difficult and expensive. Moreover, existing system architec-
tures would not necessarily permit all variations of existing
features to be provided on all equipment. Further, even for
advanced models of telecommunications equipment, 1t 1s
often not practical to mstall all available features on any field
application of the equipment. Each feature or service fur-
nished on the equipment has a non-negligible cost, and
consumes equipment resources (€.g., storage) from a limited
pool. Because of the interrelationships between various
features and services, the resources required for each feature
and service, as conventionally implemented, may grow
non-linecarly with the number of features and services

present.

Further, the new development and implementation of a
large, common set of telecommunications features, harmo-
nizing the capabilities of equipment from many vendors and
the requirements of many service providers, using conven-
tional architectures and tools, would be prohibitively expen-
sive and time-consuming. The architecture and program-
ming models of telecommunications equipment vary among
vendors and equipment models. Databases describing sub-
scriber and line characteristics, which are typically resident
on each switching system, vary greatly in structure and
interpretation. Thus, as conventionally implemented, exist-
ing telecommunications systems have not provided telecom-
munications users the desired ability to take their telecom-
munications services with them wherever they go, while
maintaining a consistent user mterface at all times and 1n all
locations, and it 1s unlikely this goal could be timely and
feasibly accomplished using current architectures.
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OBJECTS AND SUMMARY OF THE
INVENTION

It 1s therefore an object of the present invention to provide
a telecommunications system which minimizes the afore-
mentioned disadvantages of prior art systems.

A telecommunications system constructed according to
the present mvention includes at least one subscriber
terminal, a serving telecommunications exchange, a serving
exchange 1mage store, and a home telecommunications
agency, Interconnected using suitable network facilities, as
described further.

The subscriber terminal may be a wired telephone, a
wireless telephone, a data terminal, or any other device for
providing an interface enabling a user to access the tele-
communications system. The subscriber terminal preferably
has a facility for operatively coupling to a Portable Sub-
scriber Module (PSM), which uniquely identifies the sub-
scriber to the subscriber terminal and to the home agency.

Optionally, the PSM may also store information relating to
services or features to which the subscriber has subscribed,
for use by the subscriber terminal or the serving telecom-
munications exchange. The PSM and subscriber terminal
must be selected for compatibility. Preferably, the PSM and
subscriber terminal may implement in common a standard-
1ized format or language for interchanging subscriber,
service, and feature information.

The serving telecommunications exchange may be any
device or system which provides network access and call,
session, connection, packet, or datagram processing func-
fions to a subscriber terminal. The term “exchange” as used
herein 1s not 1mntended to refer to a specific architecture, and
in particular, does not 1mply the presence of a conventional
fabric for switching time-multiplexed PCM voice channels
arranged 1n time slots. Hereinafter, the serving telecommu-
nications exchange will be referred to as a Stored Program

Control Center (SPCC).

The home telecommunications agency 1s a repository for
information and services relating to a subscriber’s subscrip-
tion. The agency may include one or more individual agents
which are responsible for maintaining information about
subscriptions and for providing various subscription-related
services to requesters. The agents may generally be imple-
mented as software running on suitable network-connected
general-purpose computing facilities, or other network
clements, and may be referred to as “software agents”. In
accord with the present invention, there 1s described herein
an exemplary embodiment thereof 1n the environment of a
telecommunications network. One of skill in the art will
appreciate that with minimal modifications the invention
may be applied more generally to the field of information
processing and related arts. Although the term “telecommu-
nications agency’ 1s used herein, the agency functions could
also be fairly characterized as those of an “information
processing agency.” Thus, the term “telecommunications
agency’ 1s also intended to incorporate an “information
processing agency.”

The term “1mage” 1s used herein to refer to the collection
of information concerning a particular user or subscription
needed by the serving SPCC to process a specific call, and
may 1nclude subscription, service, feature, and billing 1nfor-
mation. The “image” for a call may include references to or
identification of specific services or features to be made
available to the call. In some embodiments, the “image” for
a call may also include instructions, call processing steps,
billing, authorization limits, or other indicia defining to the
serving SPCC certain aspects of such services or features,
such as CPE type, implementation, behavior, or perfor-
mance.
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The serving SPCC preferably has coupled thereto an
image storage facility for storing temporarily 1mages asso-
ciated with calls being served by, about to be served by, or
having recently been served by, the serving SPCC. The
image for a call may be delivered to the serving exchange
from the subscriber’s home telecommunications agency
and/or from the subscriber’s Portable Subscriber Module
responsive to 1nstructions from the agency. A subscriber
desiring to communicate through the telecommunications
system must register or 1dentily herself or himself to the
serving exchange. The registration may occur upon sub-
scriber request by inserting a PSM into a land-line or
wireless subscriber terminal. Alternately, a subscriber may
register by manually entering suitable identifying informa-
fion via a subscriber terminal. The registration could also
occur an automatic function of a subscriber terminal (as is
now done in wireless systems), based on, for example,
information contained 1n an embedded or removable PSM.

The registration information may directly idenftify the
subscriber’s home telecommunications agency, or the serv-
ing SPCC may use the registration information to look up
the user’s home agency 1n a local or network database. The
registration information 1s transmitted to the user’s agency
for verification and to allow the agency to determine how to
direct the subscriber’s incoming calls.

In accord with an aspect of the present invention, the
SPCC need not continuously retain, for each authorized or
potential subscriber, the subscriber-related information
which has been conventionally used to provide service to
that subscriber. Such information may include, for example,
information needed to authenticate the subscriber, informa-
tion 1dentifying equipment or resources assigned to the
subscriber or the subscriber’s line, information for translat-
ing directory or routing numbers to line equipment numbers,
vendor-proprietary tables mdicating services or features to
which the subscriber 1s entitled, and the like. Instead, the
SPCC 1nstantiates an 1mage for each subscriber service
when the subscriber registers or when service 1s requested.
The 1image preferably contains all subscriber-related infor-
mation needed by the SPCC to provide the requested service
for the subscriber.

When the subscriber originates a call, the serving SPCC
requests an 1mage for that call from the subscriber’s home
agency. The information comprising the 1mage for the
subscriber’s call may be transmitted by the home agency
itself, or by the PSM 1n response to instructions from the
home agency, or some combination of the two, to the serving
SPCC’s image store, where the 1mage resides until the call
has concluded, after which the 1mage may be erased.

Each serving SPCC need maintain 1n 1ts 1image store only
images for active, impending, or just-concluded calls.
Accordingly, subscriber service 1mages may be considered
“transient” 1n the sense that they are not intended to persist
in the serving SPCC 1n the intervals between subscriber
service 1nstances. However, an agency, an agency gateway,
or an SPCC may cache subscriber service images where
appropriate, provided that cached copies of 1images which
become stale are properly invalidated, as 1s known 1n the art.
Each SPCC also must provide a minimum set of native or
core features for initial operation. Because a new 1mage 1s
provided by the user’s agency with each call, service, or
registration, problems with stale subscription information in
serving SPCCs are minimized, and service, feature, and
subscription changes may take effect as soon as the agency
records them. Because fewer records need be maintained in
the image store (compared to conventional systems which
typically maintain some subscription information for a large
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plurality of users, only a tiny fraction of whom are actively
involved in a call at any time), the information in each image
may be highly detailed, allowing a serving exchange to
identically replicate for each of a large plurality of users the
services, features, billing treatment, user interface, and inter-
actions among these elements such users would receive or

experience from their home telecommunications network.

In accord with a further aspect of the mnvention, a sub-
scriber service image may include instructions, call process-
ing steps, or other indicia defining to the serving exchange
the 1mplementation, behavior, or performance of one,
several, or all services, features, billing treatment, or user
interfaces to be available 1n connection with the call.
Moreover, the information comprising the 1mage may be
distributed among the subscriber’s home agency and the
subscriber’s PSM, and such information may be transmitted
to the SPCC from either or both of the home agency and the
PSM. Thus, certain features or services to which a subscriber
has subscribed may be provided as a core function of an
SPCC, while others may be defined by image information
supplied from the home agency and/or PSM. This advanta-
geously eliminates the need to maintain 1 each SPCC
software defining all possible services and features that
might be required by all possible subscribers, many of whom
may never or only rarely require service at the SPCC.
Preferably, feature and service identification, and the
instructions, call processing steps, and other indicia needed
to define a feature or service, may be provided using a
standardized protocol, so that SPCCs and agencies may
casily determine whether a service or feature i1s natively
provided by the SPCC or must be supplied as part of the
subscriber service 1mage.

In accord with a further aspect of the mvention, certain
features or services which may be requested from a serving
SPCC but which cannot be provided by that SPCC may be
provided by another SPCC, such as one 1n the subscriber’s
home network. This may occur if a serving SPCC lacks
suitable equipment, facilities, or other resources to provide
the requested feature or service. For example, a subscriber
may request a conference call mnvolving a large number of
parties, which call may require special conference bridge
circuits for which the serving SPCC 1s not equipped. In such
situations, the subscriber’s home agency instructs the serv-
ing SPCC to extend the call to another SPCC which 1is

equipped to provide the requested service.

In accord with a further aspect of the invention, the home
agency maintains a database of service subscriptions for the
subscriber and synchronizes the contents of the subscriber’s
PSM accordingly. The Home Agency, responsive to service
change transactions from a service provider’s service order
entry, provisioning, and business support systems, transmits
PSM update instructions to a subscriber terminal at which
the subscriber has registered.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the invention will be best
understood by reference to the following detailed descrip-
fion of a preferred embodiment of the invention, taken in
conjunction with the accompanying drawings, in which:

FIG. 1 1s a block diagram showing a preferred embodi-
ment 100 of a telecommunications system constructed
according to the present invention;

FIG. 2 1s a block diagram showing an exemplary tele-
communications agency 118 constructed according to the
present mvention for use with the telecommunications sys-
tem 100 of FIG. 1, mcluding several individual agent
elements;
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FIG. 3 1s a block diagram depicting three exemplary
Portable Subscriber Modules (PSMs) 310, 312, 314 for use
in conjunction with the telecommunications system 100 of
FIG. 1;

FIG. 4 1s a block diagram depicting information flow 1n an
embodiment of a telecommunications system constructed
according to the present invention 1n which a call 1s handled

between a first SPCC and a second SPCC;

FIG. 5 1s a block diagram depicting information flow 1n an
embodiment of a telecommunications system constructed
according to the present mvention 1n which a call between

a first SPCC and a second SPCC requires a service provided
by a third SPCC;

FIG. 6 1s a flow diagram showing an exemplary method
600 for use 1n conjunction with the telecommunications
system of FIG. 1 for registration of a subscriber at a
subscriber terminal;

FIG. 7 1s a flow diagram showing an exemplary method
700 for use 1 conjunction with the telecommunications
system of FIG. 1 for setting up a call origination on behalf
of a subscriber;

FIG. 8 1s a flow diagram showing an exemplary method
800 for use 1 conjunction with the telecommunications
system of FIG. 1 for setting up an incoming call termination
on behalf of a subscriber; and

FIG. 9 1s a flow diagram showing an exemplary method
for use 1n conjunction with the telecommunications system
of FIG. 1 for processing the addition, deletion, or other
change of a user’s subscription records and for maintaining
corresponding imnformation in the subscriber’s Portable Sub-
scriber Module.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 1s a block diagram showing a preferred embodi-
ment 100 of a telecommunications system constructed
according to the present invention. The telecommunications
system 100 may be constructed mn a manner generally
similar to known telecommunications systems, but with
certain components added, and other components modified,
to provide certain call handling and subscriber information
handling functions according to an aspect of the present
invention. Telecommunications system 100 includes at least
one subscriber terminal 110, a serving telecommunications
exchange 114, a serving exchange image store 116, and a
home telecommunications agency 118, interconnected using
suitable network facilities 126, 128, etc., as described fur-
ther.

The present application relates to telecommunications
systems, 1ncluding multimedia telecommunications
systems, which may be immplemented using a variety of
electronic and optical technologies, including but not limited
to: analog electronic systems; digital electronic systems;
microprocessors and other processing elements; and soft-
ware and other embodied collections of steps, instructions,
and the like, for implementing methods, processes, or poli-
cies 1n conjunction with such systems and processing ele-
ments. The embodiments described herein are exemplary.
Thus 1t will be appreciated that although the embodiments
are described in terms of specific technologies, other equiva-
lent technologies could be used to implement systems in
keeping with the spirit of the present invention. Moreover,
it will be appreciated that 1n the telecommunications arts,
various signal leads, busses, data paths, data structures,
channels, buffers, and other communications paths may be
used to implement a facility, structure, or method for con-
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veying imnformation or signals, and are often functionally
equivalent. Accordingly, unless otherwise noted, references
to apparatus or data structures for conveying a signal or
information are intended to refer generally to all functionally
equivalent apparatus and data structures.

A telecommunications system constructed according to an
aspect of the present invention may, 1n various
embodiments, provide communications bearing voice
signals, data, video, and any other content. Hereinafter, the
term “call” 1s used herem to refer a session of nformation
transfer between a set of subscriber terminals (or other
endpoints) via a telecommunications system or network.
The term “call” 1s mtended to refer broadly to any type of
call, service, connection, session, packet, or datagram, or
any related group or stream thereof, regardless of media or
content, and regardless of whether or not the communication
1S circuit, connection, or session oriented. Thus, the term
“call” 1s intended to 1nclude, but not be limited to traditional
circuit voice calls, packet voice calls, circuit data calls,
connectionless calls, or packet data calls, and multimedia
variants thereof. The term “call processing” 1s mtended to
refer to the functions needed to initiate, maintain, and
conclude such calls, including any related features or ser-
VICES.

The subscriber terminal 110 may be a wired telephone, a
wireless telephone, a data terminal, or any other device for
providing an interface enabling a user to access the tele-
communications system. The subscriber terminal preferably
has a receptacle, mterface, or other facility 176 for opera-
tively coupling to a Portable Subscriber Module (PSM) 112,
which uniquely identifies the subscriber to the subscriber
terminal 110 and to the Home Telecommunications Agency
118. Optionally, the PSM 112 may also store information
relating to services or features to which the subscriber has

subscribed, for use by the subscriber terminal 110 or the
Serving SPCC 114.

The serving telecommunications exchange 114 may be
any device or system which provides network access and
call, session, connection, packet, or datagram processing
functions to a subscriber terminal such as 110. The term
“exchange” as used herein i1s not intended to refer to a
specific architecture, and 1n particular, does not imply the
presence of a conventional fabric for switching time-
multiplexed PCM voice channels arranged 1in time slots.
Hereinafter, the serving telecommunications exchange will
be referred to as a Stored Program Control Center (SPCC).

The Home Agency 118 1s a repository for information and
services relating to a subscriber’s subscription. The Home
Agency 118 may include one or more individual agents
which are responsible for maintaining information about
subscriptions and for providing various subscription-related
services to requestors.

Telecommunications system 100 preferably includes a
first network 126 for carrying bearer traffic and a second
network 128 for carrying control and signaling traffic. Net-
works 126 and 128 may be constructed using any appropri-
ate network transmission, switching, and routing
technologies, as are known 1n the art, including but not
limited to T-carrier, Optical Carrier (OC), Synchronous
Optical Network (SONet), Synchronous Digital Hierarchy
(SDH), Internet Protocol (IP), Asynchronous Transfer Mode
(ATM) technologies. Although Bearer Network 126 and
Control/Signaling Network 128 are shown as separate net-
works to clarify that the bearer tratfic and the control/
signaling traffic may take separate paths, these networks
may, 1n fact, be integrated, and bearer and control/signaling
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traffic may traverse the same network elements. Unless
otherwise specilied, links between elements of telecommu-
nications system 100 may employ any of the aforementioned
technologies.

Serving SPCC 114 communicates with Bearer Network
126 via link 158, and with Control/Signaling Network 128
via link 156. Subscriber terminal 110 communicates with
Serving SPCC 114 via link 154, which may be implemented

using any link technology appropriate for media types which
subscriber terminal 110 and Serving SPCC 114 mutually
support. For example, 1f subscriber terminal 110 1s intended
to support ordinary voice-grade telephone conversations,
link 154 may be an ISDN basic rate interface (BRI) line. If
subscriber terminal 110 1s intended to support high-speed
data or video, link 154 may be an ISDN primary rate
interface (PRI) line, an ADSL line, or another appropriate
high-speed interconnect. Subscriber terminal 110 commu-
nicates with Control/Signaling Network 128 via link 166.
Subscriber terminal 110 uses the link 166 to network 128 to
communicate with agencies, such as Home Agency 118.

A User/Visitor Agent 136, 1s preferably connected to
Serving SPCC 114 via link 184. Agent 136 1s may be
connected to Control/Signaling Network 128 via link 182.
Agent 136 may have communicate with network 128 via
SPCC 114 in lieu of a direct connection to the network.
User/Visitor Agent 136 preferably maintains registration and
subscription information for subscribers who have regis-
tered using subscriber terminals, such as subscriber terminal
110, which are serviced by SPCC 114. Agent 136 may be a
component of an agency, and may provide agent services to
one or more additional SPCCs.

Telecommunications system 100 preferably also mcludes
other switches and/or network elements 130 which provide
service to other subscriber terminals 132. Although only a
single other switch 130 1s depicted 1n FIG. 1, a commercial
embodiment of a telecommunications system constructed
according to the invention would likely include many
switches or service-providing network elements 130.
Similarly, although only a single other subscriber terminal
132 1s shown, a commercial embodiment of a telecommu-
nications system constructed according to the invention
would likely include a large number of subscriber terminals
132. Each of subscriber terminals 132 preferably includes a
receptacle for coupling a Portable Subscriber Module 134.
Subscriber terminal 132 1s connected to SPCC 130 via a link
168. Subscriber terminal 132 1s connected to Control/
Signaling Network 128 via link 178. SPCC 130 1s connected
to Bearer Network 126 via link 160 and to Control/Signaling
Network 128 via link 162.

The SPCC 114 may be implemented using, for example,
any suitable stored-program-controlled telephone switching
system or mobile switching center, with modifications to
maintain and use subscriber service i1mages as further
described herein. In a commercial embodiment, the SPCC
114 may be implemented using a distributed control digital
switch, such as the SESS® switching system, a product of
Lucent Technologies Inc., 600 Mountain Avenue, Murray
Hill, N.J., 07974-0636, and described i the AT&T Techni-
cal Journal, vol.64, number 6, July/August 1985, pages
1303-1564. SPCC 114 may also be implemented using a
distributed control, integrated services digital network

(ISDN) electronic telephone switching system such as the
system disclosed 1n U.S. Pat. No. 4,592,048, 1ssued to M. W.

Beckner, et al.,, on May 27, 1986. Alternately, SPCC 114
may be 1mplemented using a distributed multi-service
switching and call processing platform commercially avail-
able from Lucent Technologies Inc., under the designation
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/R/E. The SPCC 114 could also be implemented as a router
or packet switch.

As best seen 1n FIG. 1, Serving SPCC 114 may comprise
several functional elements, including a control element
180, a network interface element 148, a subscriber interface
clement 150, and one or more elements 152 for providing
other functions of an SPCC, such as circuit switching,
packet switching, routing, signal processing, and the like.
The control element 180 may be implemented using a

general-purpose computer, an embedded processor, or other
processor means as 1s known 1n the art. The control element
180 preferably includes code or 1nstruction storage facilities
140 for certain functions, features, and services which are
part of the native functionality of Serving SPCC 114. These
functions may include basic functions of the Serving SPCC
114 that would likely be needed 1n a significant fraction of
service requests, or functions related to maintenance,
administration, or other requirements of the Serving SPCC
114 unlikely to vary on a per-subscriber basis. The control
clement 180 preferably also includes storage facilities 138
for “office data”, including storage needed for the routine
functions of the control element and that needed to define the
operation of the SPCC 114, but generally excluding per-
subscriber data.

Although the present application describes a preferred
embodiment of the invention 1n which certain functions of
Serving SPCC 114 are performed by a telecommunications
switching system, 1t will be appreciated that equivalent
functions could be provided by other network elements,
including elements now known and those which may be
developed in the future to meet the evolving needs of
telecommunications customers and service providers. For
example, the some or all functions of SPCC 114 could be
provided by various nodes of an Intelligent Network, as
described in AT&T Technical Journal, Summer, 1991, pp.
11-25, some of which nodes may not have significant
switching or routing capabilities. Some or all functions of
SPCC 114 could also be provided by a server computer or
a telecommunications gateway component.

The Home Agency 118 1s a repository for information and
services relating to a subscriber’s subscription. The Home
Agency 118 1s connected to Control/Signaling Network 128
via link 128. The Home Agency 118 may include one or
more 1ndividual agents which are responsible for maintain-
ing mformation about subscriptions and for providing vari-
ous subscription-related services to requestors (see FIG. 2).
Service requestors may include: billing, service order entry,
provisioning, maintenance, and other business systems of a
subscriber’s service provider, such as external systems 120,
122,124, connected to Home Agency 118 via links 170, 172,
174. Service requesters may also include other agents or
agencies and SPCCs or other network elements which may
directly provide a telecommunications service to a sub-
scriber.

FIG. 2 1s a block diagram showing an exemplary Home
Telecommunications Agency 118 constructed according to
the present invention for use with the telecommunications
system 100 of FIG. 1. As best seen 1n FIG. 2, the various
functions of Home Agency 118 may be distributed over
several individual agent elements which are interconnected
by a local network 210, which may, but need not be a
local-area network. The network 210 1s connected to
Control/Signaling Network 128. The particular distribution
of functions to agent elements may vary according to the
needs of particular telecommunications networks and ser-
vice providers, but, for example, agency 118 may include the
following elements: a billing agent 212, responsible for
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acquiring and/or processing message accounting records and
other similar information needed for billing; a service agent
214, responsible for maintaining records of services and
features to which a subscriber has subscribed; a security
agent 216, responsible for authenticating the subscriber and
authorizing network elements to provide services therefor; a
smart card agent 218, responsible for maintaining and updat-
ing the contents of the PSM; and an 1image processing agent
220, responsible for delivering to SPCCs and/or other net-
work elements information needed to provide a service to
the subscriber, including service images (described further
below). Agency 118 could also include a mobility agent (not
shown), responsible for tracking the subscriber’s location
with respect to home or other telecommunications networks
so that calls and other services may be delivered. The
functions of the mobility agent could also be performed by
one more of the other agents.

The billing agent 212 preferably manages a billing data-
base 222 to which 1t 1s connected via a link 232. The billing,
database 222 may be coupled to an external business system
242 of a service provider via a link 252. The service agent
214 1s preferably connected to a service order entry and
provisioning system and database 224 via a link 234. The
service order entry and provisioning system and database
may be coupled to a user interface or external business
system 244 of a service provider via a link 254. The security
agent 216 preferably manages a security, authorization, and
authentication database 226, to which it 1s connected via a
link 236. The smart card agent 218 preferably manages a
smart card database 228, to which it 1s connected via a link
238. The 1mage processing agent 220 1s preferably con-
nected to an 1image processing and storage system 230 via a

link 240.

Each of agents 212, 214, 216, 218, 220, and 136 (FIG. 1)
1s preferably a self-contained information processing ele-
ment (which may include software and/or hardware
components) having responsibility for a particular, limited
set of functions and data, and providing a particular, limited
set of external interfaces, thereby limiting system complex-
ity and promoting robustness, scalability, and optimum
distribution of necessary functions to computing and other
network elements. Although agents are characterized as
self-contained, 1t will be appreciated that multiple agents
may be implemented on a simngle computing and/or network
clement, a smngle agent may be distributed over several
clements, and agents may cooperate with other agents to
accomplish necessary functions. Agents may be imple-
mented using any appropriate software and hardware tech-
nologies. By way of example, but not limitation, agents may
be 1mplemented as described 1n U.S. Pat. No. 5,970,122,
enfitled “Two-Way Wireless Messaging System Having
User Agent”, which 1ssued to LaPorta et al. on Oct. 19, 1999,
and 1 U.S. Pat. No. 6,086,086, entitled “Network-Based
Migrating User Agent for Personal Communication
Services”, which 1ssued to LaPorta et al. on Jul. 4, 2000,
which patents are incorporated herein by reference. Also by
way of example, but not limitation, agents may also be
arranged as described 1n the publication George Y. Liu and
Gerald Q. Maguire Jr., “Efficient Mobility Management
Support for Wireless Data Services”, Proceedings of the
1995 IEEE 45th Vehicular Technology Conference, Jul.
2528, 1995, pp. 902-906; and 1n the publication Seth
Grimes, “Agents Come In From the Cold”, Database Pro-

gramming and Design (Miller Freeman Inc.), April 1998, pp.
48-53.

Agency 118 and 1ts components communicate with other
agencies, such as 266, network 210 and Control/Signaling
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Network 128. Other agencies, e€.g. 266, are connected to
Control/Signaling Network 128 via link 268. Although only
one other agency 266 and one interconnecting link 268 are

shown, 1n a commercial embodiment of a telecommunica-
tions network there may be many agencies and links. Agen-
cies may be organized consistent with the organization of
service providers or networks, but they need not be.
Similarly, agencies may be operated by the same service
providers who operate telecommunications networks, but
they may also be operated by third parties. Optionally, an
agency gateway 262 may be connected to Control/Signaling
Network 128 via link 264. Agency gateway 262 facilitates
communications among agencies. For example, agency
gateway 262 may provide message switching and clearing-
house functions between agencies. This may advantageously
reduce the amount of knowledge agencies need have regard-
ing other agencies. If the agency gateway 262 1s provided,
an agency wishing to communicate with another agency
may use the agency gateway 262 as an intermediary. In some
cases, the agency gateway may provide routing for messages
to agencies based on, for example, subscriber information,
relieving a sending agency of the responsibility to determine
the address of or route to a home agency of a subscriber. The
agency gateway 262 may also provide any other functions
neceded to facilitate or mediate communications among
agencies.

The term “1mage” 1s used herein to refer to the collection
of information concerning a particular user or subscription
needed by the Serving SPCC 114 to process a specific call,
and may 1nclude subscription, service, feature, and billing
information. The “1mage” for a call may include references
to or 1dentification of specific services or features to be made
available to the call. In some embodiments, the “1mage” for
a call may also include instructions, call processing steps,
interactions among various features and services, or other
indicia defining to the Serving SPCC 114 the
implementation, behavior, or performance of such services
or features.

As best seen 1n FIG. 1, the Serving SPCC 114 preferably
has coupled thereto an 1mage storage facility 116 for storing
temporarily 1mages associated with calls being served by,
about to be served by, or having recently been served by, the
Serving SPCC 114. The 1image storage facility 116 prefer-
ably has a number of locations 142a, 142b, . . . 142n, for
storing subscriber service image instances. Each image
instance contains the information needed to service a call for
the subscriber i1nvolved, and incorporates information
regarding the services to which the subscriber may be
cligible, and information, defining to the Serving SPCC 114
how such services should be delivered. Each image instance
preferably includes a subscriber data element (e.g., 144a,
144H, . . . 144n), and a service/feature data element (e.g.,
146a,146b, . . . 146n). The service/feature data element may
describe standardized features or services to be delivered to
the subscriber, where such features and services are avail-
able as native capabilities of Serving SPCC 114. In that case,
the service/feature data element 1s preferably supplied 1n a
standardized format and/or language, such that each service/
feature data element or component thereof uniquely and
unambiguously 1dentifies the particular standardized feature
or service to be provided. The service/feature data element
may also describe instructions or call processing steps to be
used by Serving SPCC 114 to deliver other features or
services which are not among the native capabilities of
Serving SPCC 114. Although three 1mage instances are
shown 1n FIG. 1, in a commercial embodiment constructed
in accord with an aspect of the invention, a sufficient number
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of mstances would be provided to accommodate a desired
number of simultaneous pending, active, and just-concluded
calls or equivalent services.

The 1mage for a call may be delivered to the Serving
SPCC 114 from the subscriber’s home telecommunications
agency 118 and/or from the subscriber’s Portable Subscriber
Module 112 responsive to mstructions from the agency. A
subscriber desiring to communicate through the telecommu-
nications system 100 must register or identify hersell or
himself to the Serving SPCC 114. The registration may
occur upon subscriber request by inserting a PSM 112 ito
a land-line or wireless subscriber terminal, such as PSM 112.
Alternately, a subscriber may register by manually entering,
suitable identifying information via a subscriber terminal.
The registration could also occur an automatic function of a
subscriber terminal (as is now done in wireless systems),
based on, for example, information contained 1n an embed-
ded or removable PSM.

The registration information is transmitted to the user’s
Home Agency 118 for verification and to allow the agency
to determine how to direct the subscriber’s incoming calls.
The registration information may directly 1dentify the sub-
scriber’s Home Agency 118, or the Serving SPCC 114 may
use the registration mformation to look up the user’s home
agency 1n a local or network database, which may reside 1n
agency gateway 266 (FIG. 2). Alternately, Serving SPCC
114 may transmit registration messages through agency
gateway 266 destined for the subscriber’s Home Agency 118
without being aware of the ultimate destination of the
Mmessages.

When the subscriber originates a call, the serving SPCC
114 requests an 1mage for that call from the subscriber’s
Home Agency 118. The mformation comprising the image
for the subscriber’s call may be transmitted by the home
agency 1tself, or by the PSM 112 1n response to instructions
from the home agency, or some combination of the two, to
the serving SPCC’s image store 116, where the image
resides until the call has concluded, after which the image
may be erased. The serving SPCC 114 uses the 1mage to
process the call.

When a call to the first subscriber i1s originated by a
second user at a second SPCC, such as SPCC 130, the
second SPCC determines which home agency or agency
gateway serves the first subscriber and requests from the
home agency instructions on how to route a call to the
subscriber. The first subscriber’s Home Agency 118 pro-
vides 1instructions enabling the second serving SPCC to
route the call to the first subscriber via the first serving SPCC
114. The first subscriber’s Home Agency 118 also causes to
be transmitted a call or service 1mage to the first serving
SPCC’s 1mage store 116, enabling the first serving SPCC
114 to appropriately process the mcoming call.

Each serving SPCC 114 need maintain 1n i1ts image store
116 only 1mages for active, impending, or just-concluded
calls. Accordingly, subscriber service 1mages may be con-
sidered “transient” 1n the sense that they are not intended to
persist in the serving SPCC 1n the intervals between sub-
scriber service 1nstances. Because a new 1mage 1s provided
by the subscriber’s Home Agency 118 with each call,
problems with stale subscription information i1n serving
SPCCs are minimized, and service, feature, and subscription
changes may take effect as soon as the agency records them.
However, an agency, an agency gateway, or an SPCC may
cache subscriber service i1mages where appropriate, pro-
vided that cached copies of 1mages which become stale are
properly 1invalidated, as 1s known in the art. Because fewer
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records need be maintained in the image store (compared to
conventional systems which typically maintain some sub-
scription information for a large plurality of users, only a
tiny fraction of whom are actively involved 1n a call at any
time), the information in each image may be highly detailed,
allowing a serving exchange to 1dentically replicate for each
of a large plurality of subscribers the services, features,
billing treatment, user interface, and interactions among
these elements such subscribers would receive or experience
from their home telecommunications network. The terms
service, feature, billing treatment, user 1interface, and
interactions, are enumerated heremn by way of example, but
not limitation, as elements experienced by a subscriber when
interacting with the serving exchange and the subscriber
terminal, any or all of which elements may be a function of
the subscriber service image. Unless otherwise specified, the
terms service or feature appearing alone are intended to
incorporate the other elements mentioned above and should
be so interpreted.

As noted above, the 1mage may describe the services,
features, billing treatment, user interface, and interactions
among these elements, to be applied to a call by referring to
predefined, and preferably standardized, 1dentifiers of such
services, leatures, billing treatment, user interfaces and
interactions. For example, the imnformation in the 1mage 1s
preferably supplied 1n a standardized format and/or
language, such that the image, or components thereof,
uniquely and unambiguously identify the particular stan-
dardized features or services to be provided. However, even
well-known services and features may have been imple-
mented historically in different ways by different equipment
vendors. Service providers have arranged for development
of customized services and features. Different regulatory
and standards agencies have inconsistently specified the
behavior of services and features. Thus, the number of
permutations of aspects of even one service or feature may
be so large as to prohibit the a priori deployment of all
permutations of the service or feature on a single serving
SPCC for mvocation in a call image.

In accord with a further aspect of the mnvention, a sub-
scriber service image may include instructions, call process-
ing steps, or other indicia defining to the serving exchange
the 1mplementation, behavior, or performance of one,
several, or all services, features, billing treatment, user
interfaces, and interactions among these elements, to be
available 1n connection with a call. Moreover, the informa-
fion comprising the 1mage may be distributed among the
subscriber’s home agency and the subscriber’s PSM, and
such information may be transmitted to the SPCC from
cither or both of the home agency and the PSM. Thus,
certain features or services to which a subscriber has sub-
scribed may be provided as a core function of an SPCC,
while others may be defined by 1image information supplied
from the home agency and/or PSM. Moreover, a portion of
the subscriber service 1mage may be downloaded to the
subscriber terminal 110 to define features, services, or
aspects of the user interface to be provided by the subscriber
terminal 110. The term “customizable behavior” refers to
any changeable aspects of the subscriber terminal, including,
those mentioned above, which may be controlled by down-
loading to the subscriber terminal a subscriber service image
or part thereof from an agency or a PSM.

FIG. 3 1s a block diagram depicting three exemplary
Portable Subscriber Modules (PSMs) 310, 312, 314 for use
in conjunction with the telecommunications system 100 of
FIG. 1. PSM 310 1s a first type of PSM that contains

information 320a useful 1n identifying and authenticating
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the subscriber. The information may contain data 3224 and
instructions 324a needed to perform authentication and
related functions.

PSM 312 1s a second type of PSM that contains informa-
tion 3200 useful in 1dentifying and authenticating the
subscriber, and mnformation 3265 defining features, services,
or aspects of the user interface to be provided by the
subscriber terminal. Information 3205 1s similar to the
information 320a described above. Information 3265 may
contain data 328b and instructions 33056 neceded by the
subscriber terminal to provide the features, services, and
user 1nterface functions.

PSM 314 15 a third type of PSM that contains information
320c useful 1n 1dentifying and authenticating the subscriber,
information 326b defining features, services, or aspects of
the user interface to be provided by the subscriber terminal,
and mformation 332¢ defining features, services, or aspects
of the user interface to be provided by the Serving SPCC
114. Information 320c¢ and 326c¢ are similar to the informa-
tion 3206 and 326b, respectively, discussed above. Infor-
mation 332¢ may contain data 334¢ and instructions 336¢
needed by the Serving SPCC 114 to provide the features,
services, and user interface functions.

Increasing the information stored in the PSM may help
reduce network resource demands by reducing the amount
of information which must be loaded to the subscriber

terminal 110 and the Serving SPCC 114 ecach time the
subscriber places or receives a call.

PSMs 310, 312, and 314 may be implemented as a “smart

card” device contalning a secure miCroprocessor, program
storage, and data storage, as 1s known 1n the art. For
example, PSMs 310, 312, and 314 may be implemented
using the smart card described in U.S. Pat. No. 5,821,983,
which 1ssued to M. J. Weiss on Oct. 13, 1998, and 1s assigned
to Lucent Technologies Inc. Other smart card devices, and
other 1dentification devices, could also be used.

Loading to the Serving SPCC 114 image information
defining services, features, billing treatment, or user inter-
faces advantageously eliminates the need to maintain 1 each
SPCC software defining all possible services and features
that might be required by all possible subscribers, many of
whom may never or only rarely require service at the SPCC.
Preferably, feature and service identification, and the
instructions, call processing steps, and other 1indicia needed
to deflne a feature or service, may be provided using a
standardized protocol, so that SPCCs and agencies may
casily determine whether a service or feature 1s natively
provided by the SPCC or must be supplied as part of the
subscriber service image.

FIG. 4 1s a block diagram depicting information flow 1n an
embodiment of a telecommunications system constructed

according to the present invention 1n which a call 1s handled
between a first SPCC 414 and a second SPCC 430. A calling

subscriber terminal 410 has a subscriber’s PSM 412. The
subscriber terminal 410 1s connected to home agency 436
via a control/data path 466 and to serving SPCC 414 via a
bearer path 454. If the subscriber i1s being served by a
network other than the subscriber’s home network, the paths
to the home agency may extend through a local serving
agency (not shown in FIG. 4, but a part of which is
represented by switch user/visitor agent 136 of FIG. 1) or an
agency gateway. The serving SPCC 414 1s connected to the
subscriber’s home agency via a control/data path 456. The
home agency 436 1s connected to an agency gateway 262 via
a link 482. On the called side, a called subscriber terminal

432 has a subscriber’s PSM 434. The called subscriber

10

15

20

25

30

35

40

45

50

55

60

65

16

terminal 432 1s connected to called subscriber’s home
agency 480 via a control/data path 476 and to called party
serving SPCC 430 via a bearer path 468. The called party
serving SPCC 430 1s connected to the called subscriber’s
home agency 480 via a control/data path 462. The called
party home agency 480 1s connected to an agency gateway
262 via a link 484. A bearer path 438 links calling SPCC 414
and called SPCC 430. Methods for registering, originating,
and receiving calls, using the arrangement of FIG. 4 are
shown 1 FIGS. 6-8, and discussed below.

In accord with a further aspect of the mmvention, certain
features or services which may be requested from a serving
SPCC but which cannot be provided by that SPCC may be
provided by another SPCC, such as one 1n the subscriber’s
home network. This may occur if a serving SPCC lacks
suitable equipment, facilities, or other resources to provide
the requested feature or service. For example, a subscriber
may request a conference call mnmvolving a large number of
parties, which call may require special conference bridge
circuits for which the serving SPCC 1s not equipped. In such
situations, the subscriber’s home agency instructs the serv-
ing SPCC to extend the call to another SPCC which 1is

equipped to provide the requested service.

FIG. 5 1s a block diagram depicting information flow 1n an
embodiment of a telecommunications system constructed

according to the present mnvention 1n which a call between
a first SPCC 414 and a second SPCC 430 requires a service

provided by a third SPCC 586. Unless otherwise speciiied,
the elements of FIG. § are 1dentical to those of FIG. 4, and
the discussion of FIG. 4 apply equally to those elements. In
FIG. 5, it 1s assumed that calling party serving SPCC 414 1s
unable to provide a desired service. For example, if the
calling party 1s a subscriber of another network, the sub-
scriber may have subscribed to services that are typically
availlable 1n therr home network, but not 1n the visited
network. Accordingly, mstead of providing bearer path 458
directly from SPCC 414 to called party serving SPCC 430,
a bearer path 590 extends from SPCC 414 to an intermediate
SPCC 586. A sccond bearer path 596 extends from the
intermediate SPCC 586 to SPCC 430. A control/data path
592 extends from 1ntermediate SPCC 586 to the subscriber’s
home agency 3588. A second control/data path 594 extends
from the home agency 388 to the agency gateway 262. The
intermediate SPCC 586 may, but need not be, a part of the
subscriber’s home network. Any SPCC capable of providing
the desired service could be used as the intermediate SPCC

586.

FIG. 6 1s a flow diagram showing an exemplary method
600 for use in conjunction with the telecommunications
system of FIG. 1 for registration of a subscriber at a
subscriber terminal. The method begins 1n step 610 1n which
the subscriber activates the subscriber’s PSM 412 or 434 at
a Subscriber Terminal 410, 434, respectively. In step 612,
the Subscriber Terminal determines the appropriate Home
Agency 436, 480 supporting the subscriber using informa-
tion obtained from the PSM. If the Home Agency is one
assoclated with or trusted by the Serving Network, the
subscriber 1s considered “local”.

In step 614, the Subscriber Terminal transmits to the
Home Agency a subscriber registration message 1dentifying
the PSM, the Subscriber Terminal, and the network or SPCC
serving the subscriber. If the subscriber registration message
1s routed through the Serving Network or SPCC, the Serving
Network may add the information identifying itself. Any
messages, including but not limited to the one described here
with respect to step 614, which rely on information from the
PSM, may also be transmitted at the mnstance and under the
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control of the PSM. In that case, the Subscriber Terminal
may simply act as a message conduit.

In step 616, the Security Agent 216 (FIG. 2) of the Home

Agency determines that the subscriber 1s authorized for
service. In step 618, 1f the subscriber is non-local, the
Service Agent 214 (FIG. 2) and/or Security Agent 216 (FIG.
2) of the Home Agency transmit an authorization message to
the Serving Agency identifying the subscriber. In step 620,
if the subscriber 1s local, the Service Agent determines
determine levels of service to be provided to the subscriber,
consistent with the policies of the network and the subscrib-
er’s subscriptions. The method then continues with step 624.

If the subscriber 1s non-local, the method continues with
step 622, 1n which the Home Agency and Serving Agency,
through their respective Security and/or Service Agents,
negotiate to determine levels of service to be provided to the
subscriber, consistent with the policies of each network and
the subscriber’s subscriptions.

In step 624, 1f the subscriber 1s non-local, and the Home
Network and Serving Network agree to allow the Serving
Network to provide services to the subscriber based on
subscriber information acquired upon registration, the Ser-
vice Agent 214 and/or Security Agent 216 transmit to the
Serving Agency further authorization messages describing
services to which the subscriber 1s entitled, and optionally
describing certain services which may be provided by the
home network (via such elements as the home agency or the
home switch) if such services are not directly available from
the serving network.

In step 626, if the Home Network does not allow (or
where applicable, the Home network and Serving Network
do not agree to allow) features to be downloaded to the
Subscriber terminal, the method continues with step 638.
Otherwise, 1n step 628, the Service Agent determines which
services the subscriber 1s authorized to use and are compat-
ible with the subscriber terminal.

In step 630, if the Subscriber Terminal does not support
downloadable features, the method continues in step 638.
Otherwise, 1n step 632, the Service Agent, Smart Card
Agent, and Image Processing Agent determine type of PSM
in use. In step 634, 1f the PSM 1s of type that supports
downloadable Subscriber Terminal features or services (e.g.,
types 2 or 3, 312 and 314 (FIG. 3) respectively), the Image
Processing Agent 220 and/or Smart Card Agent 218 transmat
a message 1nstructing the PSM to download appropriate
features to the subscriber terminal.

In step 636, it additional Subscriber Terminal features are
available 1 accord with subscriber’s service subscriptions
but were not downloaded from the PSM, the Image Pro-
cessing Agent 220 transmits the feature or service informa-
fion to the subscriber terminal. In step 638, registration 1is
complete and the method concludes.

FIG. 7 1s a flow diagram showing an exemplary method
700 for use 1n conjunction with the telecommunications
system of FIG. 1 for setting up a call origination on behalf
of a subscriber. The subscriber 1s assumed to have registered
in accord with the method of FIG. 6. The method begins 1n
step 710, in which the calling Subscriber Terminal 410
receives from the subscriber a request to originate service. In
step 712, the Subscriber Terminal 410 transmits a message
to the Serving Agency 436 requesting 1nitiation of service.
The message includes information 1dentifying the subscrib-
er’s PSM. In step 714, 1f the subscriber 1s non-local, and 1t
the Home Network and Serving Network do not agree to
allow the Serving Network to provide services to the sub-
scriber based on subscriber information acquired upon
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registration, the Service Agent and/or Security Agent of the
Serving Agency fransmit an authorization request to the

Home Agency. Otherwise, the method continues with step
718.

In step 716, if the Home Agency determines that the
subscriber 1s authorized, the Home Agency’s Service Agent
and/or Security Agent transmit to the Serving Agency autho-
rization messages describing services to which the sub-
scriber 1s entitled, and optionally describing certain services
which may be provided by the home network (via such
clements as the home agency 588 (FIG. 5) or the home
SPCC 586 (FIG. §)) if such services are not directly avail-

able from the serving network.

In step 718, the Serving Agency’s Service Agent and/or
Smart Card Agent, based on mnformation received 1n steps
624 (FIG. 6) or 716, cooperatively determine which image
information may be provided to the serving SPCC 414 in
order to provide services. In step 720, the Serving Agency’s
Service Agent and/or Smart Card Agent, based on 1informa-
tion received in steps 624 (FIG. 6) or 716, cooperatively
determine sources of 1mage information which may be
provided to the serving SPCC 414 in order to provide
services. In step 722, the Serving Agency’s Service Agent
and/or Smart Card Agent, based on mformation received 1n
steps 624 (FIG. 6) or 716, cooperatively determine whether
a requested service may be provided by the serving SPCC
414, or must be provided by another SPCC, such as the
home SPCC 586.

In step 724, the Serving Agency’s Service Agent 1nstructs
the serving SPCC to create a Subscriber Service Image for
the subscriber’s service request. In step 726, if the Home
network and Serving Network agree to allow services and
features to be downloaded to serving SPCC 714 from the
subscriber’s PSM 412, and if the PSM contains such
information, the Service Agent instructs the Subscriber
Terminal 410 to acquire service and feature information (as
determined in steps 718 and 720) from the PSM and forward
it to the serving SPCC, which incorporates the information
into the Subscriber Service Image.

In step 728, it additional service and feature information
1s required to enable the serving SPCC to provide the
requested service, and such information has not been earlier
acquired by the Serving Service Agent from the Home
Service Agent, the Serving Service Agent requests the
information from the Home Service Agent. (The information
may be stored and forwarded by the Serving Service Agent,
or may be transmitted directly to the SPCC by the Home
Service Agent, passing through the Serving Service Agent
only ephemerally.) In step 730, the appropriate Serving or
Home Service Agent transmits to the SPCC any additional
required service and feature information to SPCC, which
incorporates the information into the Subscriber Service

Image. The service and feature information may have been
earlier acquired in steps 624 (FIG. 6) or 716.

In step 732, the Serving SPCC 414 1nitiates the requested
service 1n accord with the Subscriber Service Image, using
appropriate resources of the bearer network, such as network
paths 458 (FIG. 4), 590, and 596 (FIG. 5). In step 734, if, as
determined 1n step 722, none of the requested services or
features must be provided by another SPCC, the method
confinues 1n step 738. Otherwise, an arrangement must be
made with another SPCC to provide the requested features
or services, and the method continues 1n step 736. In step
736, the Serving Agency 436 transmits a request to the
Agency (e.g., Home Agency 588 (FIG. §)) associated with
the other SPCC 586 (FIG. §) to initiate a negotiation to
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procure the requested services or features. Alternatively, the
Serving Agency 436 may also negotiate directly with the
other SPCC 586. In step 738, the Serving SPCC 414 extends
a bearer path 590 (FIG. 5) to the other SPCC 586 (FIG. 5).

In step 740, the serving SPCC and/or the Serving Agency
inform the Home Agency of initiation of service. In step 742,
the requested services or features are provided to the sub-
scriber.

In step 744, the serving SPCC 414 receives a request to
terminate service. In step 746, the serving SPCC 714 for-
wards the termination request to any other 1nvolved SPCCs,
or other network elements. In step 748 the serving SPCC
releases the bearer path and other network resources under
its control. In step 750, the serving SPCC and/or Serving
Agency 1inform the Home Agency of termination of service.
In step 752, the serving SPCC releases the Subscriber
Service Image. In step 754, the Serving Agency releases
records and resources relating to the services requested by
the subscriber, but retains subscriber registration informa-
tion. The method concludes 1n step 756.

FIG. 8 1s a flow diagram showing an exemplary method
800 for use 1 conjunction with the telecommunications
system of FIG. 1 for setting up an incoming call termination
at SPCC 430 on behalf of a subscriber at subscriber terminal
432. The subscriber 1s assumed to have earlier registered 1n
accord with the method of FIG. 6. The method begins 1n step
810, in which the Serving Agency 436 receives a request
from another agency (e.g., originating agency 480 or inter-
mediate agency S588) to provide a service, such as to
terminate an incoming call, to a subscriber who has previ-
ously registered at a subscriber terminal 432. The request
includes mnformation 1dentifying the subscriber’s PSM 434.

In step 812, the originating or mtermediate SPCC estab-
lishes a bearer path (e.g., 458 or 596) for service to the
serving SPCC 430. In step 814, the Serving Agency 480
fransmits an acknowledgement of the service request to the
other agency. The method then continues with steps

714756 as shown 1n FIG. 7.

In accord with a further aspect of the invention, the home
agency maintains a database of service subscriptions for the
subscriber and synchronizes the contents of the subscriber’s
PSM accordingly. The Home Agency, responsive to service
change transactions from a service provider’s service order
entry, provisioning, and business support systems, transmits
PSM update instructions to a subscriber terminal at which
the subscriber has registered.

FIG. 9 1s a flow diagram showing an exemplary method
for use 1n conjunction with the telecommunications system
of FIG. 1 for processing the addition, deletion, or other
change of a user’s subscription records and for maintaining
corresponding imnformation in the subscriber’s Portable Sub-
scriber Module. The method begins 1n step 910, 1n which the
subscriber arranges with the service provider to add, delete,
or change services associated with the subscription.

In step 912, the service provider’s service order entry,
provisioning, and other business systems are updated with
the changes. In step 914, the service provider’s service order
entry and provisioning systems exchange update 1mnforma-
tion with the Service Agent of the subscriber’s Home
Network/Home Agency. In step 916, the Service Agent
updates its database records regarding the services to which
the subscriber has subscribed.

In step 918, the Service Agent provides the subscriber’s
service update information to the Smart Card Agent. In step
920, the Smart Card Agent determines whether any changes

are needed to the subscriber’s PSM. In step 922, if (a) the
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Home Network’s policy permits feature and service infor-
mation to be downloaded from the subscriber’s PSM to
subscriber terminals; and (b) the subscriber’s PSM is
equipped to store such information; and (c) the requested
service changes affect feature and service information which
1s currently stored or should be stored in the PSM for
downloading to the subscriber terminal; then the Smart Card
Agent enqueues appropriate update transactions for trans-
mission to the PSM; otherwise continue 1n step the method
continues with step 924.

In step 924, if (a) the Home Network’s policy permits
feature and service information to be downloaded from the
subscriber’s PSM to SPCCs; and (b) the subscriber’s PSM
is equipped to store such information; and (c) the requested
service changes affect feature and service information which
1s currently stored or should be stored in the PSM for
downloading to the SPCC; then the Smart Card Agent
enqueues appropriate update transactions for transmission to
the PSM; otherwise continue in step 926.

In step 926, if the PSM 1s currently registered i a
Subscriber Terminal, the Smart Card Agent transmits update
transactions (if any are needed) to the PSM via the Sub-
scriber Terminal; otherwise, the Smart Card Agent awaits
registration of the PSM. In step 928, the Service Agent
reports the completion of service and feature changes to the
service provider’s service order entry and provisioning
systems. The method concludes m step 930. The above-
described embodiment of the invention 1s merely one
example of a way 1n which the invention may be carried out.
Other ways may also be possible and are within the scope of
the following claims defining the invention.

What 1s claimed 1s:

1. A telecommunications system comprising:

a subscriber terminal,

a telecommunications exchange connected to said sub-
scriber terminal;

a telecommunications agency coupled to said telecom-
munications exchange; and

an 1mage storage facility coupled to said telecommunica-
tions exchange and adapted to store a plurality of
subscriber service 1mages, said 1mages containing
subscriber-related information and service/feature
information needed by said telecommunications
exchange to provide service to a plurality of respective
subscribers, said service/feature information 1n at least
a portion of the images defining service/features that
are not native capabilities of the telecommunications
exchange;

said telecommunications agency being adapted to cause
corresponding subscriber service 1mages to be deliv-
ered to said 1mage storage facility of said telecommu-
nications exchange when said respective subscribers
request service.

2. The telecommunications system of claim 1 wherein at
least one of said subscriber service 1images includes infor-
mation defining call processing steps to be executed by said
telecommunications exchange 1 providing service to a
subscriber.

3. The telecommunications system of claim 1 wherein at
least one of said subscriber service 1mages includes infor-
mation describing instructions to be executed by a control
clement of said telecommunications exchange 1n providing
service to a subscriber.

4. The telecommunications system of claim 1, further
comprising a portable subscriber module adapted for con-
nection to said subscriber terminal, said portable subscriber
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module and said subscriber terminal being adapted to deliver
to said telecommunications exchange at least a portion of
sald subscriber service 1image.

5. The telecommunications system of claim 1 wherein the
telecommunications agency comprises:

a communications path adapted for intra-agency commu-
nications and for connection to at least one external

network;

a security agent coupled to said communications path;
said security agent being adapted to provide determi-
nations whether a subscriber 1s authorized to receive a
requested telecommunications service;

a service agent coupled to said communications path, said
service agent being adapted to provide information
about services available to a subscriber; and

an 1mage processing agent coupled to said communica-
tions path, said image processing agent being adapted
to provide at least a portion of a subscriber service
image on behalf of a subscriber.

6. The apparatus of claim § further comprising a billing
agent coupled to said communications path, said billing
agent being adapted to maintain billing information regard-
ing services provided to a subscriber.

7. The apparatus of claim § further comprising a smart
card agent coupled to said communications path, said smart
card agent being adapted to maintain contents of a portable
subscriber module of said subscriber.

8. The apparatus of claim 35, said service agent being
coupled to a database facility for storing records regarding
services available to a subscriber.

9. The apparatus of claim §, said security agent being
coupled to a database facility for storing records regarding
authorization of a subscriber to receive services.

10. The apparatus of claim 5, said image processing agent
being coupled to a database facility for storing records
regarding subscriber service 1images for a subscriber.

11. The apparatus of claim 5, said agency being coupled
via said communications path to an agency gateway, said
agency gateway being adapted to facilitate communications
with at least one other agency.

12. A telecommunications exchange comprising:

an 1mterface for coupling to at least one subscriber termi-
nal;
a control element;

an 1mage storage facility coupled to said control element
and adapted to store a plurality of subscriber service
images, sald 1mages containing subscriber-related
information and service/feature information needed by
said telecommunications exchange to provide service
to a plurality of respective subscribers, said service/
feature mformation 1n at least a portion of the 1mages
defining service/features that are not native capabilities
of the telecommunications exchange;

an 1nterface for coupling to at least one telecommunica-

tions agency;

said 1mage storage facility being adapted to receive cor-

responding subscriber service 1mages via one of said
interfaces when said respective subscribers request
SETVICE.

13. The telecommunications exchange of claim 12 being
adapted to request that said telecommunications agency
cause a subscriber service 1mage to be delivered to said
telecommunications exchange.

14. A method for delivering telecommunications service
to a subscriber at a subscriber terminal 1n a telecommuni-
cations network comprising a telecommunications
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exchange, a subscriber terminal coupled to the telecommu-
nications exchange, an image storage facility coupled to said
telecommunications exchange and a telecommunications
agency, the 1mage storage facility adapted to store a plurality
of subscriber service images, said 1mages containing
subscriber-related information and service/feature informa-
tion needed by said telecommunications exchange to pro-
vide service to a plurality of respective subscribers, said
service/feature information 1n at least a portion of the images
defining service/features that are not native capabilities of
the telecommunications exchange; the method comprising:

(a) receiving a request for service;

(b) said telecommunications exchange reporting to said
telecommunications agency said request for service;

(c) said telecommunications agency causing to be deliv-
ered to said telecommunications exchange a subscriber
service 1mage containing subscriber-related informa-
tion and service/feature information needed by said
telecommunications exchange to provide the requested
service to said subscriber; and

(d) said telecommunications exchange providing said
requested service 1n accord with said subscriber service
1mage.

15. The method of claim 14, wherein said subscriber
service 1mage 1ncludes information defining call processing
steps to be executed by said telecommunications exchange
in providing said service to a subscriber.

16. The method of claim 14, wherein said subscriber
service 1mage 1ncludes information describing instructions
to be executed by a control element of said telecommuni-

cations exchange 1n providing a service to a subscriber.
17. The method of claim 14 wherein:

step (a) thereof further comprises the step of:

(al) receiving as a part of said request information
supplied by and identifying said subscriber;

step (c) thereof further comprises the steps of:

(cl) determining whether said subscriber is authorized to
receive said service; and

(c2) if said subscriber is authorized, transmitting a mes-
sage to said telecommunications exchange enabling
said telecommunications exchange to provide said ser-
VICE.

18. The method of claim 14 wherein step (a) thereof

further comprises the step of:

(al) receiving as a part of said request information
obtained from a portable subscriber module coupled to
said subscriber terminal and identifying one of: said
subscriber, a service of said subscriber, a subscription
of said subscriber, or a portable subscriber module of
said subscriber.

19. The method of claim 14 wherein step (c¢) thereof
further comprises the steps of:

(cl) determining whether said subscriber is authorized to
receive said service; and

(c2) if said subscriber is authorized, transmitting a mes-
sage to said telecommunications exchange enabling
said telecommunications exchange to provide said ser-
VICE.

20. The method of claim 14 wherein step (c) thereof
further comprises the steps of:

(cl) determining whether said telecommunications
exchange mncludes capability to provide the requested
service without further instruction; and

(c2) if said telecommunications exchange includes capa-
bility to provide the requested service without further
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Instruction, transmitting said at least a portion of said
subscriber service 1mage containing at least an indicia
sufficient to unambiguously identify the requested ser-
vice to said telecommunications exchange.
21. The method of claim 14 wherein step (c) thereof
further comprises the steps of:

(cl) determining whether said telecommunications
exchange includes capability to provide the requested
service without further instruction; and

(c2) if said telecommunications exchange does not
include capability to provide the requested service
without further instruction, transmitting at least a por-
tion of said subscriber service 1mage containing at least
one call processing step usable by said telecommuni-
cations exchange to provide the requested service.

22. The method of claim 14 wherein step (c¢) thereof

further comprises the steps of:

(c1) determining whether said telecommunications
exchange mcludes capability to provide the requested
service without further instruction; and

(c2) if said telecommunications exchange does not
include capability to provide the requested service
without further mstruction, transmitting an instruction
to said subscriber terminal to cause a portable sub-
scriber module coupled thereto to deliver to said tele-
communications exchange at least a portion of a sub-
scriber service 1mage containing at least one call
processing step usable by said telecommunications
exchange to provide the requested service.

23. The method of claim 22 wherein step (c2) thereof

further comprises the steps of:

(c2a) determining whether said subscriber terminal has
coupled thereto a portable subscriber module;

(c2b) determining whether said portable subscriber mod-
ule contains subscriber service 1mage information
usable by said telecommunications exchange to pro-
vide the requested service;

(c2¢) determining whether a policy of a home network of
said subscriber permits delivery of subscriber service
information to said telecommunications exchange; and

(c2d) responsive to affirmative determinations in steps
(c2a), (c2b) and (c2c), transmitting said instruction to
sald subscriber terminal.

24. The method of claim 14 wherein step (c) thereof

further comprises the steps of:

(cl) determining whether said telecommunications
exchange includes capability to provide the requested
service without further instruction; and

(c2) if said telecommunications exchange does not
include capability to provide the requested service
without further instruction, transmitting an instruction
to a portable subscriber module associated with said
subscriber terminal to cause said portable subscriber
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module to deliver to said telecommunications exchange
at least a portion of a subscriber service 1mage con-
taining at least one call processing step usable by said
telecommunications exchange to provide the requested
SETVICE.
25. The method of claim 24 wherein step (c2) thereof
further comprises the steps of:

(c2a) determining whether said portable subscriber mod-
ule contains subscriber service 1mage information
usable by said telecommunications exchange to pro-
vide the requested service;

(c2b) determining whether a policy of a home network of
said subscriber permits delivery of subscriber service
image information from a portable subscriber module
to said telecommunications exchange; and

(c2c) responsive to affirmative determinations in steps
(c2a) and (c2b), transmitting said instruction to said
portable subscriber module.

26. The method of claim 14 wherein step (c) thereof

further comprises the steps of:

(cl) determining whether said telecommunications
exchange includes capability to provide the requested
service; and

(c2) if said telecommunications exchange does not
include capability to provide the requested service,
transmitting to said telecommunications exchange an
instruction to extend said call to a second telecommu-
nications exchange having capability to provide the
requested service.

27. The method of claim 14 further comprising the step of:

(c2a) transmitting to said second telecommunications
exchange a subscriber service image enabling said
telecommunications exchange to provide the requested
SETVICE.

28. The method of claim 14 further comprising the step of:

(c2a) transmitting to said second telecommunications
exchange a message authorizing said telecommunica-
tions exchange to provide the requested service.

29. The method of claim 14 further comprising the step of:

said telecommunications agency transmitting to said sub-
scriber terminal at least a portion of a subscriber service
image including information usable by said subscriber
terminal to customize 1ts behavior 1n accord with a
service to which said subscriber has subscribed.

30. The method of claim 14 further comprising the step of:

said telecommunications agency transmitting to said sub-
scriber terminal an instruction for an associated por-
table subscriber module to provide to said subscriber
terminal at least a portion of a subscriber service 1mage
including information usable by said subscriber termi-
nal to customize its behavior 1n accord with a service of
said subscriber.
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